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Abstract of JP20031 1 6589 
PROBLEM TO BE SOLVED: To provide a 
method and an apparatus for efficiently 
producing hydrogen with a specific 
microorganism, in further detail, the method 
and the apparatus for producing the hydrogen 
by which even insoluble starches can 
simultaneously be solubilized during culture to 
efficiently produce the hydrogen with 
advantages to thermal energy since a high 
temperature (e.g. 300 deg.C) is not required 
and contamination with other microorganisms 
is avoided since the hydrogen can be 
produced at about 85 deg.C optimum 
temperature without relating to various 
disadvantages accompanying light irradiation 
such as sticking of organic substances, et., to 
irradiating parts due to no need of the light 
irradiation and without causing problems such 
as corrosion or environmental pollution since 
hydrogen sulfide is scarcely emitted. 
SOLUTION: The microorganism of the genus 
Thermococcus, especially Thermococcus 
kodakaraensis KOD1 is cultured by using a 
culture fluid containing pyruvic acid or its salt 
or/and starchy polysaccharides added thereto. 
Thereby, the hydrogen is produced in 
microbial cells. 
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■o«*E»t*»-r*=ii=*y. a*i=*ataa* 

[H3JOS2] ThermococcusErof&^ft**. Thermoeoccu 
s kodakaraensis KO D 1 (Sft&BS ■: 3±2:fTi&£Ajt 

aaa«*a*fimi*a*Bft-fe>*-. atta*: f 

ERM P-1 5007t) "efe-Swi:^4#©t-r5>iS 
[B**3] SB60-1 0 5°CT*^5Ct$ 

©&g6<. CH3COCO0H »JfT?, 0. 01 ~ 5 % (w/w) T-fci> 

asa i ea©*B©8a&. 

0. 01 ~ 5 % (w/w) -Cfe-SBJfcJS 1 E»©*a©Kift 

a. 

^S^X£BB£S»Lfc*Ba£m*TTherqK>coccus 
■<t>a&B*tt*r«tta«(1) BttBff(1) £B 

a (3) t. itttsfli(i) i=rft^Lfc**i=st?*'x* 

atilirtJteVtimtW ££«itTfr€iCi£4$afc 

r * afti±&»giS t m t ^*a© suites . 

[000 1] 

[&$©JI-f -5&«5#g] *^bji±. 4f£©8fe£4&£ffl 
i^T*a*»aa < -5 1= Lfc*B©«i£3s 

Ti*a*<D**t-c**u-cfc-5.-) 

[0 0 0 2] 

[&*©ftffi] <«£*©*H§©aii;£> Sifis *B©a 

7-9-. ESS*:?***.. LPG, 3t»:tfX-(£[= 

aaaMMHHfc-rs^ataasti-ci**. ivr*u= 

[0003] *(om«»»i=j:y***au»-ri*at. 
ttH-r^m**.: a*a*«i=*4«aa«:fc*<tt9T 

1*1**4*©©* BSIifc5«#£B&£ Lfcj»taa« 

[0004] ?©&«>. *»jaiB5^e»4W*e«inE<b5«fi 
8*4ta*tiTi*«. 

[0005] </W^-§8S<0*S©Sita> ftSKW: 



[0006] W) /Wt7Xt«HLT*«««4t 

• 4*B2 O O O- 3 5 5 6 9 2 fcfr &££*©/< 

B»i*i*fl:*sa*** Cilery. a*tt#X* 
10 &££-fe»-£S&) . 

• «IB J P 9-24 1 00 1 (**t. a5rpzT 
£fc<!:©-t:;UP— Xl/Wt7XS. KJEBartlcfcl^ 

. i;*asttfcasftta©?F«T-T?ss 
BEi=a»L-c*a*aa-*-**a) 

■ 4*I9¥ 1 1 -1 7 2 2 6 2*A« (**t. aa. •* 
=f 5 fc±f ©*.«,□ — ^X/W^^a. *1±i£{*OT?¥« 

L-ca»fl:aa-r4xafc. croiltif,iifct;i-p 
-^ii/wtvxoqwki *a tr*a* a *astt <t 

20 &Bfii li • t IMISlHu^t^xMftftt^ftt* 

*«a***rci<4. 

[0007] (d) St. *-&«fflB««aLT*a* 

B±-T <S>^a4»aB**vCl-*-&. http://ww. nedo. go. j 
p/itd/grant/JITU/jj011. htmlc <fc*ll£» jSJ¥ 
#4$lfi&1±aSI Synechococcus sp. Miami BG04351 1 4* 

i*, 3i»i©saaafcy 1 2 aiw©3feB$*-c 2 smi©* 
a«a£$«« = ^i=aaLTLx«. 

[0 0 0 8] (/\) 4tH2 O O O- 1 5 7 2 5 5ICI4. 

30 aa. aifta. saaata^aattawafttL-c* 

x©aa^fc«fet^afi* < **5Krt^. fta»*/w 
*#*©«««:. ^^>a<*S7ovoi % . RB^^n 

3OV0I K -Cfe^c »fl:*BI*/W:J-#;<. + lc*fc1vol 

% r«A:*ai±att-cL3^*aaffaj6«* 
y. *o-caaj§aatttJt-i-&fc*i=aa©Ra. « 

40 ©^«©aai*. a-(b*a©a±*<c<-r=:i*BWi: 
[0 0 0 9] (-) aaaaataa-rfttioiu-c. 

4#g§ 2001-1 4 9983 1=1*. *Sit£j£M© 1 BS 

©B-ca*aaaatt«B4<rt»i=tta**ifc/<'fs*-y 
T**i=E»t*uT*aita«t»A.L. *.m±f$.w 
©f*ai=*y**t***#*i:iti=>*->©*afca: 

j«*>B*«rt«i=a»**ifc/<-f*yT^*i=aAL. 
^ * >B©^si=«k y aaatJM* lt y ^ 
so t>--5.i::$irBOD£<g3iSu « o>aBV^.&aar« J= 
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t£3fB"P$i-5)7KM^.B£@i LT. Enterob'actor aerogen 

es (??itiB&0!aBtt€#y&a&Jffttt#a) *JB 

fSHS^a-Xttit. $>VU=-*I4, 
Cs'HuOb + 2H20 -» 2CH3C00H'+ 2C02 + 4H2 

2CH3C00H -» 2CH4 + 2C02 

©k«i=j. y * * >i-iwtft*i=»*-r**ai+T? * 10 

•6. 

[OOIO] (*) ^H?8-308587f^(8i: ' 

±a&Baa>aai=a Lfcssicitft-r 

»IE*a«±Bff»Bfl>a«l=4*fcf(rie*« 

zfcmffrm&tzmz.. &*B£iiy 
an. *«&#BB*»tt-e*y (mm 4) . *a 
rims, an, s^roK. @i$§g. as. BusaaEftt*^ 

*IS"e#Bi: LTL>4 (R^O O O 8. OOlOf) . 
BfiSa>*£%±&ftf&Bft< Pyrococcus furiosus^fcli 
Thermotoga maritima"Cfey . -{-QiS&IzS LfcSSEft* 
8 0~ 1 0 3^Ttfc*Cttl=Ol.vc4,fERjo<fe<& (lg* 30 
«5) o Jft«Ml=£l*'CM:. ***3 3~6 69ta* 
fW£* - X^S±T?t§iLTU4 (SSOOIO. O 

0 18). 

[0 0 11] (^) 1 0-6 6996 ^"Ami~ 

I*. B$m**iBBl=J:y*«&£-KfbftB. **. 

*aiti=ttft£j*-r sunt, NEiii5?±A 
a. aaaa. gss. aam** a* 40 

B*» &o D 0 lJgj-*c,OSt8aDX&*. Mt&gj?. a*. 
ilKfc«fc'*<^JfflT-#&«t LTl^S (RI0008. 0 0 

1 6. 003 21?) . B*?B*S!ia6<bli. Pyrococcu 
s furiosus. Thermotoga maritimaf?t?ifc y . BS<k L 
TliPyrococcus. ThermotogaS^Ott7)1?fe-S)C i:. tS 

#8fc;kiSt*fflBli7 o~ii o°c. SI:9 0~1 o o°cx 

4) . mvfm*mmwi*. -mumm *m= i ■. 20 
i) . *©an=i*. ooi=»+4ta*y*> 50 



ro£fefiEH#A<fcif e.tirfey-.-si xaeratfttt* 
B*B-ctt. ffttttee.. _Kft:MB2 2. *I4 4. 
■ #124«£aLT^4 (**l**;UfSH«ai) . 
[00 12] (h) Arch Microbiol (1994) 161: 168-1 
75. Arch Microbiol (1991) 155: 366-1377 . Biotechn 
ology and Bioengineer ing, Vol. 34, pp, 1050-1057 
(1989) lz It. m&t&mbmWT-&Z> Pyrococcus furios 
us£. e«J tf >B«fc«t*£BtoLfcitga£SUTfc£ 
xl4"1 0 0*Wai=i3^TBfttt*B-f4Z t il=J:y, 

[0013] < Thermococcus kodakaraens is KOD1 

(5 1 ) Applied and Environmental Microbiology, Vol. 

60, No! 12, Dec. 1994, p. 4559-4566 1=14. *&BA% 
rpurif i cat ion and Character izationof a Th 
ermostable Thiol Protease from a Newly Isolated Hy 
perthermophi I icPyrococcus sp. KOD1J (BL < a 

Tfcy. CJ) Journal of Bacteriology. Vol. 

182. No. 22. Nov. 2000. p. 6424-6433 Id*. *$EBJ1# 
blZtfc'S l"A DNA Ligase from a Hyperthermophi I ic Ar 
chaeon with Unique Cofactor Specificity J (.3.— — 
5 fta 7 7 5 * -«»tt* WT $8tfftttftB*a* 6 © 
DNA'Jtf— h*) t«-T*lfcA36<i8«**urfe.y. Ther 
mococcus kodakaraensis KOD i l:-3^f MfcS. 
fcfc'L. ct**>to©:£i&l=*KOD 1 £|3l\T*fit£fe£ 

Z.0) PJ) COXS);© 6 4 2 5I0@ 1 ©TWBBrfcfcL'' 
T. ±I£© Thermococcus kodakaraensis KOD 114. 
fttVftt ( W ©308,©;: £) -eliPyrococcus kodak 
araensis K O D 1 £ffi££;h.TL^ ct&IE$;rvTU-5> 
«t-5IC kodakaraensis K O D 1 ©ElilESilcteThermo 

C0CCUS"Cfe«|) o 

[0 0 14] 

i&mw&iL & ? t-tzmsn ±c (-f) ro^^ii. 

8)3 0 0°C&±£^5£S-e®3I-f -S&gtf&y. 3 0 
[0 0 15] ±83 (o) ©^&I4. -Sfctt 

1=14. fetmMLxjtmx.***— *ai=«* i r«.= J: 
i=***BjW*r L. swt&hfe y f.Jfc£*vfc y l 

T. L<*T-r* = i* t L tfL KB 

*> 6*1*. COfcto. ai^a#«fcLfc££*Ba± 
$1* -51=14. SJ«Mlt(«Ht*tM.*L<Ht*vtfft6-f. 

B. 

[0 0 16] ±SE (/\) <D^aic33lt-S/W^-^©ja 
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[0017] Jiffi (-) 0)s5&\t* — ■ 

Trfe£> Enter obactor aerogenes^-^l^Tl^&O'C 6 0 

^&±©Ka^l4±Wi^tt-Cfc*. *fc\ 

\Z\t. Enterobactor aerogenesJelrtOBlcOl^Tteli 

[0 0 1 8] ±E (*) 13*31^X14 Pyrococcus furios 
us£f-(4 Thermotoga mar it ima(Z)7K^S££^*?f£®. ± 
IE (^)' lcfcl^TI4 Pyrococcus furiosus. Thermotoga 

maritima § (lit LTI4Pyr ococcus, Thermotoga 
JS) 0)je»»**««[«ffl^T. *«£*£*1*Tl*5 
A< s C^VbCDSli. ^^B^-e^LNTlN-S Thermococcusk 
odakaraensis KOD1 t t4iI&TU'<JUl32Sl^T± < 

[0 0 19] ±1B (h) 0)3-3t»lcj3l%TI4. Pyrococ 
cus furiosus£. tVUt* if £Sin Lfciggj$£ 
HlvCfcfciUil OO c C^lCfc^Tjt^tt^S-r«)- 

(4±<^.a-T?#ft^ Q ftfe. **WCfflt^Tt^* Therm 
ococcus kodakaraensis KOD 1 Pyrococcus furio 
sus tit. &\zM&&m&$kmtftt!tiZ>&. igfi^U 

[0 0 2 0] *««I4. 5 fcSSTKfcivc. 4# 

gi^ttn^t, S&fc«L<[4* (fcfcfctf 
3 00°CiU±) &&mk Lftl*0>-C»x*;!^f— KH:S 

#51^fl)Wlili*«rfty, «fc***i5i:A/if« 

ft Ltt^a>-cB^ai«s§s:*©ia«**r * - 1 tf* 
is * u*KS^sa t a«r * z t * b w t -r * ti 

[002 1] 

[■■*fllft'r«&A0?JU *§£B£tt*f?t0giti£ 
*»a*a*LfcaaiatfflL^TTherniococcusJBO«ft 

[0 0 2 2] *«B^(D7K^^SiatSgl4. t";Uf>K* 
.fcl4*(D«*fcl4/SJ:tf^^**»a«»lIlLfc 
i§f$J^ I* TThermococcusM CD«±4$3 ^i&S^ 4 i§§ 
«(1) fc. tt«««(1) *KRtt*HSLTlc«»r*ff 



(4) ^ims^^ttnt^^o 

[0 0 2 3] 

[#*Bjo>§lJfea>j&S!] ^T*SB^^i$iffl(c|KB^-rs 0 
[0 0 2 4] <7K^OSita> *JMHICJ31*TH:. tVU 
f>»*fel4*0)**fcl4/j3«ti;-CA/^A/*#liaS 
L tzft^fc £ m 1>T Thermococcusjg 0>Wi±ty £ i£S 

[0 0 2 5] ThermococcusJl(D^£$3<h LTI4* ' Therm 
ococcus kodakaraensis lcH"$"5BL Sfcl- Thermococcu 
s kodakaraensis K O D 1 £ C it #!ftlcM£ L 

(U) T'&^fr 2 -OCDXmz&WLtt&Zo Z0W&KO 
D 1 14. &n«HTft&ttttfT&ftAMStffitt««FA 
Bf«l*±'**R-b FERM P- 
1 5 0 07^i:LtfRSntfey ( Pyrococcus sp. 
KOD 1 St- 14 Pyrococcus kodakaraensis KOD 1 ~T* 
20 mthxi^iifi. $L&O&1fi<DWfix<0 (« fecfci; 
(U) "C2i^<fcct IE5i(r:l4 Thermococcus kodaka 
raensis KOD 1 . S*#l48*|::A*-#- £ C 

[0 0 2 6] iggfci: LTI4. a40Jfti&»&£4rr« 

icB*x*xt mj tinjtfc** (MA««) 

[0 0 2 7] tLT*«MI-te^TI4. 

t e ;ue>gs^i4^^«fe^>^i4T^s^^^sa^s 

30 RiLtSlDti. lf;btf'>M*fcl4*a>*fc-CA,-KA/ 
[0 0 2 8] tT;ue>K(CH3C(0)C00H) I4KttT?fc4A> 
4a*K^i*lcl4. pHOteT&ftCtztblz^ P Hg 

«atfflL^T**a©pH*5-9a§E 5.5-8. 
5gg) tnitscia<a*Lt\ tf;utf>K^h 

[0029] rA/W/iMitLTtt, ft-eA^SA/ 

A/. v^TA/^A/. ^XT'A/.StA/. 9 9K"CA/-KA/» /\ 
XT^5^. tvT-^SA/?) . MftKtt a CA/&A' 
(cr--C^SA/. ^JTSn— X. aSWEarAz-KA/ 
») . *»Kttt?A/-KA/ (W^f4xh'J>, 
50 »«f*XHJ>, . fl:*»»Ktt-eA/ 
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S5*5EKI=fct^TI4. fci*.l48 5 B Cl<f&©"S*fiT'i§ 
M,izSim<tVt itl^m&^i. -T?A/#A/I4. ^fll 

[oo3o) Jss5aicstD-ri>tr^e>s*fcii-t©« 

ro^Jgli. CHsCOCOOH 0.01~5%(w/w) if5 

zkimmx-tb&o t^sfSifflMt. o'.oi- 

5%(w/w) t-r-SCiA^ST-fei). C<D«fc-5tCitglc 

aff<o»*L^ESffltt o. i~3%(w/w) . *yjf* 

LL^HI* 0.2~2%(w/w) Xfo&o 
[0031] ^|groigSSf^i=fefco-cii. tT;nf>B 

S'Ij^ Thermococcus kodakaraensi s KOD 1 3rfiJ 

[0 0 3 2] igfiSKI*, Sffi6 0-1 0 5°C. 5*IZ6 
5~10 0°C. *bl:tt7 0~9 5°C, !SMf<80 
-9 0°ClrgS-r-5-i:A<SS 6 0°C*ST*l47k 

-3 TteT'f ^^SrSlA^fei". Thermococcus 
kodakaraensi s KO D 1 rogiS±W;Sjgl4. — Jlft©fS± 
*8l=L-Cli«tf>TjSUB S'CMt-felilDI:. ;©S6 

[0033] <7kJ*troSiigfi> ±IS©^^ £ SUM" -5. 
^S^^llDUfcJgS^S$fflL^TThermococcusS^Da^ 

(1) *BH6©a*l=«oliitt*«<3> 
[0 0 3 4] £*«(') 14. *M§-efc«fclV6<. 



[0 0 3 5] *tomSCI4. .1 O O e CffrSfca>jfigl::W;i.* 

US3 16L. S U S 3 O 4 ^li^gtiH^ LI 1 *. LfrL 
10 *A<b. C*i*iro&Sl4. Hffi-£telcHLTI4-S£:-r?l4 

7 v m®mt<W& L < . 'J t- h 7 Zf n,* a u 

V (PTFE) » TK'J^OD h'J 7^DIfb> (P 
CTFE) . f h7?^tOI^l/>-/<-7;L.tQ7 

;i^nf-;n— T^*m*<* (p fa) . t h'yvfr 
tnifU>-^7^P?nt'l/^fti^ (F 
ep) <tif*<*t.»*Lt^ --:r*j«attliO!tttt$# 

20 l^tfr*. l£f*iili§tel4/h£l^ro|--:i:,J:l*o LJ^L 

A*?S^i^5^jS*<-fey. *fc«B*flll*«fcii*. stg 
Ml::-£#fctet*£lfft^£fciol-l4. ®<»m&£&< ir 
£&*g;6<fcy. ax ht?S<fc*.fcl^*£*<fc-&. * 
fc«g£t£. &3*t£BH4£"%a Lf=«€rl::l4. #a#5 
7.-Ct4:l^. 18a L^TU£l'> 5 afcl-. 

i<t^7*£^6''e,. SUS316L. SUS304S© 

[0 0 3 6] -FStt**7.«t*S-?a(2) <tUTI4. Miff** 

tt*"T.Oi|i6'tl4T-#*fc'lt-SL^A<!l^L< . %i\zMm 
•flASroiJ>'5:t^=t,(DA<M*LU^. "1"*Stt^3*X t LTI4. 

(MS 99.9999%JU±. ^-tr^mg 0.1 ppra (v/v)5fe 

U- K!^m. Mtt99. 99995%ELL. M^WS 0. 1 ppra 

40 t^b*V?)o 

[0037] ftfc. -T-st4**xroetjsi4. *si+<&ru 
t^gtuftLN*'. ^mmz^ify^f&^om^mmt: 

[0 0 3 8] iDKHfK'3) iLTI4. v?*^rv K^-f* 
50 **«Lfc^y*5-vi-X*-5*a«L. ^fcSb^fi 
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[003 s] ±-7.^ai^s(4) it. mte&m'Sx-ttT- 

L T J: 4, <fc < . #XSiS1±A<'h £ l>x 
^□eu^-P^bt'-'JT^ftM^tMF) fc<k*l4. IB 

[0040] <sit> *nw<D*&iz&i)mh.tz*m 

IS. $JgOii5cSi3I. *'5X©5tlit. ^SttXglcfclt 

-5>it5tffiSs wrvhmn <.mt**m) zitctbt-tz 
[oo4i] inm =mess%c,i4. ®M&t><omg. 

ThermococcusBIcS"f •5fS±%, 5fel- Therraococcus ko 
dakaraensis ©ai=Jg-f Sci^f < -£-©3© 

*• 

[0 0 4 2] -*I=«±*I4. ^SOSm^roWtliP'S: 
£**&JMtS:K£#Sfca£R!fc#» 6 o°cei±coiSS-e 
J4jEM:r*.**fcl*£W 'L*.ttlM|frfi<*l*. .ttoT, 30 

**wi=* y 6 o°cei±©gST-^w-et4ctii. » 

[0 0 4 3] L^t*SBJ|c,fc;h.l4. 3fc-&j£*fflfi£*<lffl 
L T*^ 14* BT 3o -5 SfcSSIt * &5 

[0044] 
[0045] ^Jfeflj 1 

(i§££M) ®SKB-Cfc4. (1) l4i§gfiL (2) 14* 
Stt#X#l»JSL (3) I4»f&^&. (4) li#*SHii* 
S (^fcBraroiEg) -efc-Sc (MFC) li7X7P-3> h 

[0046] xj:m*.mizmm3i*-*t \->jy 50 



Ki/££S--0.5%(w/v) JjDxfclgife (MAigifc) Ji* 

-hi*. £*£ncj£#€#ttta02ft«refc«. * 

fc\ ttT<D«ifeirai=fcl*4#ja$i'©#«tt r%(w/ 
v) j tLTMtf. *4it r%(w/w) j XtkWLXi, 
**ll5i:©i£fit©MI4*ElV 
[0 0 4 7] (i§&&j£1a) 

•0.39% (w/v) ?'J>7-FBF (?*SWttft«tt 
g) . «£i© 0.8ft*«' 

■0. 5 %(w/v) &JggSx*x. ft£*ttttffl*a 

■ 0. 5 % (w/v) . h <) -3 V 8t£felgifeS&§g (±* 

•0.5 %(w/v) fcfJUt:>Ih*- HJ -5 A (^fc^-fx*. 

?**3*#3±g) CSSfete*. SOpH 14 6. 4) 
[0 0 4 8] (JiittUtlb) 

•0.39% (w/v) 7'J>7-hSF (*F*SUIM*£dH± 

g) , 0.8te#Sl 

■ 0. 5 %<w/v) ftJSBSx**, «K£&i§«jE*#g 

• 0. 5 % (w/v) h y ? h >, 1R±*lftJ6flMttt (■*-* 

•0.5%(w/v) RTS8tt-CA/«S^ (t*7^fX*»a 
£*±g) .(8&I4*. Sfflp HI4 7.0) 
[0 0 4 9] (t§ife*&j£2) 

•0.39% (w/v) 7>J^7-hSF (T^gm»S#a 
g) . «5£g© 0. 8te#Sl 

•0.5 %(w/v) ttJtlWx**. fS±fei§tt>S?#g 

(7-*5i-^x-2fc5t£*±g) 

• 0. 5 % (w/v) h y ^ h fis^te^tfeffl^s (±* 

•0.5%(w/v) h-XTKffl^l (^-*5-< J 7-7.^*fe 

5S£*iS) 

■0.2% (w/v) SSS (^ESISiSMfiiS^^lia) (» 
^14*. Ifflp Htt 6.4) 

[0050] <tg sgg> *«m*18!M*3t&4±li©» 

fitt»IKBltCSCT SF1 00-30I («#«©rt 

S« : 1 o y »ii^s##) ^ffliNfc. 

[005 1] <SHIiaSMfiiS^fr > -9" > 3 -mffift 
^ttS©^^ • ^— h<7 U-^MLS-30 O OIJ 
ffl^. 12 TO. 2atni . 3 0»©^frT3t®«lSL 

[0 0 5 2] <«saif^) 

(*«) ***riE1al=*1-*«j»*. ■ 1 ©iSeSM© 
l=3t«L7=. SE&SOSMSIiS ( 1 2 1 "C. 

S1±#X#U&¥&(2) A^«*?«*tMm^2 0nil/niin 

i:n 2B#nsjas?iLfc. m&tLxit. wsmm&m 

(U^U- KSatflflE 99. 9999% Jil±. ^m^^gO. 1 
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P pm(v/v) x&m&mm&i&±*±w emtvifc. 
[00 53] (flrttstftflo wai*i*. piswfei oo 

ml0ea#7^S*nt-»*i«J«1 , a©»§iai 0 Oml £ 
ftigL* ttfittfitflRB ThermoQoccus kodakaraensis 
KOD1 |SS6 6 Onm(DlR3fcS(absorbance) A*OD66 
0 = 0.1 \zte& £ 5 \zm^Ltz*W(D&Mfc 1 ml 
L. B 5°C"C2 0|H%iLf:< 

[0 0 5 4] CtttSKtt) mtSSLfc^SSl OOml 

«(1) *lc±giitMLT* flrtESXttKK*£5 OOml 10 
/min-C2 0#nB5MlU *t§S£§H*6 Lfco 

[0055] «h<dk«tic. rt^aa 

Lfe«XID-S$«X5P7 K^5 7»«ftt CGC-T 
CD^?ag4g:GC-8Al 4*£&ttA*Kft 
BfJL GC-P I D*-f*>fl:SC*tt» : 2 6 3-3 0 
S *«£ttB£«M*Hr» CixsoT. 

Oppm (DBBfttfttHSSixfc. 
[0 0 5 6] T*ft*X«»*IB(Z) 
SMEIS 1 OOml/minT»ft*1*tt#&* lolft^a 20 

fco *tt*a>Wk -Jft«tf(1) HtHLfc^lt. SSI 

[0057] mm *©iml *&Lfc**MEi* v 

*tt*H»8L »1 1^I*^oT8%(v/v) * 

t&mmztitzo i5fSBB»ic«ajLfcafl:**i* 

0.04%(v/v) r-feofc. -Bfl:«*ttt8%(v/v) tttt 
U aMtttUR-efeofc. :cr\ *fliS§£fi<&f5 1 o 
_ml/njn.^M*kaSft«±*^ft.a%.(v/y) 1*2 StftlC 30 
fflTfcy. 8 5 e CT*l*^^tL*tjl 2ml/niin. fti Oml 



/minitt*'.. (Sa-T-St. 2 5 6 C&S:TM*. tt*l*l 
O Om!/minT*3^7 9%(v/v) „ 7K^l*1 0%(v/v) . ~ 
Kfl:ttSIH4 8%(v/v) . »<t**l*0.04%(v/v) . *m 
»l*3%(v/v) (2 5°CffifOB%) Trfc& e ) 

[0058] m^m 2 

0. 5% (w/v) Icfc <& «k 5 L fci£tfe*§j£1 bCDt&gjgE 
(IWMk'*Ji»fc*> *ttHLfcKfrl*Mfc«l 

^ttSHtttt. »'2 2B»IB-ca*Mttt-3T 7.3%(v 

■W**ifc*-3fc. i r:lMfcl(t**fi4%(v/v) sal, a 

[0 0 5 9] ItMl 
**«|1(D**»©^«***2" (lt*«« *t£*<k 
t,) IcHtU t(D*liSElS«i tl«*f=L-C*»tfio 
fee f *±Lfc**l** *J*£Httfe* &6B# 

IMlTHft^iMEfcttoT 0.4%(v/v) £«U U [SISHB» 
lz^tliLfceE<b7K^(*S3 3%(v/v) -efc^fco -^<b 
©LfSi4i£)2 l%(v/v) ttfcBU »*ttK*-eftofc D 

[0 0 6 0] £bl£09 2 
ttttflM l-fcivr* ttJK&tttfMI Thermococcus koda 
karaensis KO D 1 £tt«1±-riwJ8*£fTofc. fOg 
X. **fe«ttfttfc**o>«±l*Ba<)&ix3S:3^-pfc. - 

[006 1] (ttXG>«£tf» ±E0)*Jt«l -2. Jt 

««i-2(Dftfrtecfct/«»«. tisosi ic* ttor 

[0 0 6 2] 

[SI] 







m 








1 


2 


1 


2 




fittla 






mf&z 




tSiSIa 


mmb 








K0D1 


K0D1 


K0D1 






11 


22 


6 




BttBflir) 










H2#£±fi(ml/min) 


10 


7.3 


0.7 


0 


H2fiS(%(v/v)) 


10 


8 


0.4 


0 


H2S U8(v/v)) 


0.04 


0 


33 


0 


C02 M«(v/v)) 


8 


4 


21 


0 



[0 0 6 3] ±K<D*§£frS>. Sf6ffiH=fc^TI4. *fSt 
[0 0 6 4] 

1. g«H58»H:Wti:i'<K. «#A<** 



2. «1U {H±lftt)'4«8 5tltfCfc4© 

ttHS 063 0 0°CJJI±) 5IL%U©f. AO^I^ 
50 *«Kj»a«lgfe«ffl**lT^*S«TBft*«l5lf*» 



(8) 
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■c. vL<**<DH±a**tffT-r«*ittt£Bs-ce 

4. 

5. **l=XEL«fcjMPWXfc/0£XXL«Cl*ffl>-(*. tt 10 



-toJcXaNtX&XXttNmC^a y . $Ht*XK <fc * 

[01] JttflTXL*fe*XKM«a>«iM-e*«. 

[»#©&£] 

(1) 

(2) -*Stt#X«X*R\ 

(3) -JdSHpK. 

(4) -#X«tb¥IR 



711 s 



MFC 



[01] 



MFC 



(10L) 



(72)f£BJ# »S BS$ (72)^BJ# ffft 

X«»X«X;£XEXBX*iT47-3- X«J&X»fliTXKX*/h»6l*IBBr20-13 

422# ^U-y->X*ii5Kfl602 

(72) £$3% £BS (72) XW* Aft 

102 *nx»WR4tA*%tn 

(72) X8* £ 40 (72)XBJ# JtS gft 

X««X«X.tXBXBr»y±XX±A* *EJi?*ll5ffiaE$S*ir2T@ 4»11# 

BIP.BT292 /\7te*3F *nX$ttXtt£*4±l*l 

F*-A(#%) 4B029 M02 DB11 DF01 DF03 

4B054 AA03 CA02 CC03 CC06 CC09 
CC12 CD07 CD19 DA16 



